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(54) A COMBINATION APPARATUS OF DISTRIBUTION TRANSFORMER AND SWITCH 



(57) A combination apparatus of a distribution trans- 
former and switches comprising a three-phase five-leg 
distribution transformer, wherein the low voltage wind- 
ings of the transformer are connected in Y 0 connection 
mode, and each phase of high voltage winding of the 
distribution transformer is serially connected with high 
, voltage fuses so as to constitute a high voltage phase- 
arm. The three phases of high voltage phase-arms are 
connected in A connection mode. The combination 

2 



apparatus of a distribution transformer and switches can 
be utilized either in neutral non-grounded power sys- 
tem, or in a power system whose neutral is grounded 
through arc-suppression coils or little resistors, and fur- 
ther it can be utilized in a power system whose neutral 
is directly grounded. It can be ensured that the normal 
power supply of the sound phases are not interfered by 
faulty phases. 
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Description 

Technical Field of the Invention 

[0001] The present invention relates to a power dis- 
tribution equipment, and more particularly to a combina- 
tion apparatus of a distribution transformer and 
switches. 

Background of the Invention 

[0002] At present, in China, the majority of power 
distribution cabinet are provided with a A/Y 0 connected 
three-phase three-leg distribution transformer, while 
high voltage load switches, tapping switches, high volt- 
age fuses (or circuit breakers) etc. are installed outside 
the sealed enclosure of the distribution transformer. As 
a result, the power distribution cabinet used in China 
has a larger volume, occupies more land and needs 
more maintenance. In the United States, an integrated 
power distribution cabinet, in which a Yq/Yq connected 
three-phase five-leg distribution transformer is 
mounted, is popularly used, wherein the main bodies of 
high voltage load switches, tapping switches, and high 
voltage fuses are installed inside the sealed enclosure 
of the distribution transformer. Hence, the power distri- 
bution cabinet used in the United States has a smaller 
volume, occupies less land and needs less mainte- 
nance. However, the integrated power distribution cabi- 
net has a disadvantage that it can not be used in a 
neutral non-grounded power system. Because in a neu- 
tral non-grounded power system, whether the trans- 
former is connected in a Y/Y 0 connection mode or in a 
A/Y 0 connection mode, interrupting of one phase of high 
voltage fuse will cause the other two phases to have 
supply voltages far higher or far lower than the rated 
voltages thereof. It not only impairs the quality of power 
supply, but also probably causes damages of the user's 
electric apparatus as operating under such a higher 
voltage or lower voltage. For the time being, in China, a 
solution is to trip simultaneously all three phases artifi- 
cially when an one-phase fault occurs. Obviously it is 
not very reasonable. 

Summary of the Invention 

[0003] The object of the invention is to provide a 
combination apparatus of a distribution transformer and 
switches, which can be utilized bath in a neutral 
grounded power system and in a neutral non-grounded 
power system. When high voltage fuses are interrupted 
upon an occurrence of a phase-to-ground fault or a 
phase-to-phase fault, the fault-free phases can operate 
in a normal power supply state, only the faulty phases 
being in a completely open state so that the combina- 
tion apparatus of a distribution transformer and switches 
according to the invention has three phases that are 
non-mutual interferential. 



[0004] To this end, the combination apparatus of a 
distribution transformer and switches according to the 
invention comprises an enclosure provided with low 
voltage bushings and high voltage bushings, in which a 

5 three-phase five-leg distribution transformer is dis- 
posed. The low voltage windings of the three-phase 
five-leg distribution transformer are connected in Y 0 
connection mode, and the output terminals thereof are 
led out of the enclosure through the low voltage bush- 

io ings serving as the iow voltage output terminals of the 
combination apparatus. The high voltage windings of 
the three-phase five-leg distribution transformer are 
connected in series with at least a set of high voltage 
fuses to form three phases of high voltage phase-arms, 

15 and the three phases of high voltage phase-arms are 
connected in A connection mode. The high voltage out- 
put terminals of the combination apparatus are led out 
of the enclosure through the high voltage bushings from 
the connecting points of the three phases of high volt- 

20 age phase-arms. 

[0005] In order to improve the interruption capacity 
and the time-current characteristics of the high volt- 
age fuses, two high voltage fuses having the same per- 
formances or different performances can be connected 

25 in serial in each high voltage phase-arm. 

Brief Desc ription of the Drawings 
[0006] 

30 

Fig.1 shows schematically the structure of the com- 
bination apparatus of a distribution transformer and 
switches according to the invention; 
Fig.2a and Fig.2b schematically show the connec- 
35 tions of two sets of high voltage phase-arms of the 
combination apparatus of a distribution transformer 
and switches according to the invention, respec- 
tively, wherein two sets of high voltage fuses are 
connected in different ways. 

40 

Detailed description of the Preferred Embodiments 

[0007] Fig.1 shows schematically the structure of 
the combination apparatus of a distribution transformer 

45 and switches according to the invention. As shown in 
Fig.1, the combination apparatus of a distribution trans- 
former and switches according to the invention com- 
prises an enclosure 2 provided with low voltage 
bushings 10 and high voltage bushings 20, and a three- 

so phase five-leg distribution transformer 3 disposed within 
the enclosure 2. The terminals of the low voltage wind- 
ings Wa2 W B 2,Wc2 thereof are respectively indicated by 
reference numerals x t a;y,b;z,c, wherein the terminals 
x,y,z are directly connected together each other to form 

55 a terminal n as a ground terminal. In this way, the low 
voltage windings W A2( W B2 ,W C 2 are connected together 
in Y 0 connection mode. Through the low voltage bush- 
ings 1 0, low voltage output terminals of the combination 
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apparatus are ted out from the terminals a,b,c and n. 
The incoming terminals of the high voltage windings 
Wai.W b1 ,W c1 of the three-phase five-leg distribution 
transformer 3 are respectively connected to the first ter- 
minals of a set of tapping switches K 2A ,K 2B ,K 2C , while 
the second terminals of the set of tapping switches 
K 2A' K 2B» K 2C are respectively connected to the first ter- 
minals of a set of high voltage fuses R A ,R B ,R C . The sec- 
ond terminals A\B\C of the set of high voltage fuses 
Ra» r b« r c are respectively connected to the outcoming 
terminals Z,X and Y of the high voltage windings 
Wd,W A1 ,W B1 . Further, The terminals A'.B'.C are 
respectively connected to the first terminals of the high 
voltage load switches K 1A ,K 1B ,K 1C , while the second 
terminals A ( B,C of the high voltage load switches 
K 1A ,K 1B ,K 1C are respectively led out of the enclosure 2 
through the high voltage bushings 20 serving as the 
high voltage input terminals of the combination appara- 
tus. The above connecting mode is so-called A/Y 0 con- 
nection mode, wherein A/Y 0 -11 connection mode is 
preferable. The high voltage windings W A1 ,W B1 ,W C1 , 
the tapping switches K 2A ,K 2B ,K 2C and the high voltage 
fuses R a »Rb» r c connected respectively in serial form 
three phases of high voltage phase-arms A'X.B'Y.C'Z. In 
fact, in the three-phase five-leg distribution transformer 
3 t the A connection mode is formed by connecting in 
sequence the high voltage phase-arms A'X^^C'Z. 
Furthermore, the enclosure 2 is filled with insulation 
media 4 so as to ensure sufficient insulation strength. 
[0008] The high voltage fuses R A ,R Bt Rc of the 
combination apparatus of a distribution transformer and 
switches according to the invention are preferably over- 
load fuses. 

[0009] Further, the manual operating mechanisms 
of the tapping switches K 2A ,K 2Bf K2c and the high volt- 
age load switches K 1A ,K 1B ,K 1C as well as the fuse ele- 
ments 5 of the high voltage fuses R A ,R B ,Rc are 
disposed outside the enclosure 2 of the combination 
apparatus of a distribution transformer and switches so 
as to be operated and maintained conveniently. 
[0010] The following discusses are focused on the 
operations of the combination apparatus of a distribu- 
tion transformer and switches according to the invention 
when a fault occurs. First of ail, a single phase fault is 
discussed. When a phase-to-ground fault occurs at the 
high voltage winding W A1 of the three-phase five-leg 
distribution transformer 3, the A-phase of high voltage 
fuse R A is interrupted, and thus the high voltage winding 
W A1 loses its exciting current, while the high voltage 
windings W B1 ,W C1 of the sound phases B and C are still 
fed with normal rated voltages from the three-phase 
power supply, wherein the corresponding fluxes <|>b and 
$c form a loop respectively through the two side legs. 
Since the low voltage winding of the phase A is 
connected with a load impedance, the synthetic flux of 
the fluxes <(>b and 0c can hardly flow back through the 
leg of phase A, and hence the induction voltage on the 
low voltage winding W/^ is very small. Therefore, under 



the condition of the fuse R A being interrupted, the phase 
A-to-ground voltage UaO output from the low voltage 
side of the three-phase four-line power system is 
approximately zero, while the sound phases B and C 

5 can still output rated voltages. 

[0011] Hereinafter, a two-phase fault is discussed. 
When a fault occurs on the high voltage windings W A1 
and W B1 of the three-phase five-leg distribution trans- 
former, the high voltage fuses R A and R B of the phases 

w A and B are interrupted, and thus the high voltage wind- 
ings W A1 and W B1 lose the exciting current thereof, 
while the high voltage winding W C1 of the sound phase 
C is still fed with normal rated voltages train the three- 
phase power supply, wherein the corresponding flux $C 

15 forms a loop through the two side legs. Since the low 
voltage windings W^ and W B2 of the phases A and B 
are connected with load impedance, the flux <t>c can 
hardly flow back through the legs of phases A and B, 
and hence the induction voltage on the low voltage 

20 windings W^ and W B2 of the faulty phases are very 
small. Therefore, under the condition of the fuses R A 
and R B of the phases A and B being interrupted, the 
phase A-to-ground voltage UaO and the phase B-to- 
ground voltage UbO output from the low voltage side of 

25 the three-phase four-line power system are approxi- 
mately zero, while the sound phase C can still output a 
rated voltage. 

[0012] Of course, if necessary, two or more sets of 
high voltage fuses can be connected in series in the 

30 high voltage phase-arms of the combination apparatus 
of a distribution transformer and switches according to 
the invention. Fig. 2a and Fig.2b schematically show 
two different connections between three phases of high 
voltage phase-arms of the combination apparatus of a 

35 distribution transformer and switches according to the 
invention, in which two sets of high voltage fuses are 
connected in series. In Fig.2a, in the high voltage 
phase-arm of phase A, two high voltage fuses R A1 and 
R^ in serial are connected at the incoming terminal of 

40 the high voltage winding W A1 . Similarly, in the high volt- 
age phase-arms of phases B and C, two high voltage 
fuses in serial R B1 ,R B2 and Rc 1t R C2 are connected 
respectively at the incoming terminals of the high volt- 
age windings W B1 and W C1 . The two high voltage fuses 

45 connected in series in each high voltage phase-arm 
may be the same or different. Preferably, the high volt- 
age fuses R A1 , R^, R C1 are current-limiting fuses and 
the high voltage fuses R^, R B2 , R C2 are overload fuses 
having better inverse time-current characteristics. 

50 [0013] The connection relations of the three phases 
of high voltage phase-arms of the combination appara- 
tus of a distribution transformer and switches as shown 
in Fig. 2b are similar to those in Fig. 2a. The difference 
only lies in that the set of high voltage fuses R A1 , R^, 

55 R C1 are respectively connected in serial at the incoming 
terminals of the high voltage windings W A1 ,W B1 ,W C1| 
while the other set of high voltage fuses R^, R B2 , Rc2 
are respectively connected in serial at the outcoming 
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terminals of the high voltage windings W A1 ,W B1 ,W C1 
[0014] The combination apparatuses of a distribu- 
tion transformer and switches provided with the high 
voltage phase-arms as shown in Fig. 2a or Fig. 2b have 
operation states similar to the above. Further descrip- 5 
tions are omitted. 

Industrial Applicability 

[0015] The combination apparatus of a distribution w 
transformer and switches according to the invention can 
be utilized in either a neutral non-grounded power sys- 
tem or a power system whose neutral is grounded 
through arc-suppression coils or little resistors, and fur- 
ther it can be utilized in a power system whose neutral 15 
is directly grounded. Because the high voltage fuses are 
serially connected in the three phases of high voltage 
phase-arms connected in A connection mode, it can be 
ensured that the normal power supply of the sound 
phases are not interfered by faulty phases so that the 20 
reliability of the power supply can be improved. 



A combination apparatus of a distribution trans- 
former and switches as claimed in claim 2, charac- 
terized in that a set of current-limiting fuses are 
further serially connected in said three phases of 
high voltage phase-arms. 

A combination apparatus of a distribution trans- 
former and switches as claimed in any of claims 1- 
4, characterized in that said high voltage phase- 
arms are connected in A/Y 0 -1 1 connection mode. 



Claims 



1. A combination apparatus of a distribution trans- 25 
former and switches, comprising an enclosure (2) 
provided with low voltage bushings (10) and high 
voltage bushings (20), and a three-phase five-leg 
distribution transformer (3) disposed in said enclo- 
sure (2), wherein the low voltage windings 30 
(W A2 ,W B2 ,W C2 ) of said three-phase five-leg distri- 
bution transformer (3) are connected in Y 0 connec- 
tion mode, and the output terminals thereof are led 
out of said enclosure (2) through said low voltage 
bushings (10) serving as the low voltage output ter- 35 
minals of said combination apparatus; 

characterized in that high voltage windings 
(W A1 ,W B1 ,W C1 ) of said three-phase five-leg distri- 
bution transformer (3) are connected in series with 
at least a set of high voltage fuses (R/k^av^a^* 40 
Rb,R b1 ,R B 2 ;R<>Rci»Rc2) so as to form three 
phases of high voltage phase-arms, and said high 
voltage phase-arms are connected in A connection 
mode, the high voltage input terminals of said com- 
bination apparatus being led out of said enclosure 45 
(2) through said high voltage bushings (20) from the 
connecting points of said three phases of high volt- 
age phase-arms. 

2. A combination apparatus of a distribution trans- so 
former and switches as claimed in claim 1 , charac- 
terized in that said high voltage fuses are overload 
fuses. 

3. A combination apparatus of a distribution trans- 55 
former and switches as claimed in claim 1, charac- 
terized in that said high voltage fuses are current- 
limiting fuses. 
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